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TECHNICAL NOTE NO. 1435

STRESSES IN AND GENERAL INSTABILITY OF MONOCOQUE CYLINDERS WITH CUTOUTS
V — CAICUILATION OF THE STRESSES IN CYLINDERS
WITH SIDE CUTOUT .

By N. J. Hoff and Bertrem Klein
SWMARY

Stresses weres calculated by a numerical method in three reinforced
monocoque cylinders subJjected to pure bending. The cylinders wers of
circular cross section and were reinforced with 8 rings and either 8 or
16 stringers. There was a cutout on one side of each cylinder located
symmetrically to the neutral plene and extending over 45°, 90°, or 135°.
Satisfactory agrecment wes found between stresses celculated and those
meastred in part IV in the present series of investigations.

INTRCDUCTION

In analytical investigations the reinforced monocogue cylinder is
almost invaeriably assumed to be of constant section and reinforced with
evenly spaced. stringers and rings of constent eross-—sectional properties.
In reality, actual alrplane structures often heve openings for doors,
windows, and so forth, and are reinforced locelly near poirts of appli-
cetion of concentrated loads. It is believed that the siress problem
of such nonuniform structures is best approached by numericel methods,

In a series of investigetions cerried out at the Polybechnic
Institute of Brooklyn Aeronautical Leborstories an effort was mafde to
apply Southwell's relaxetion method (reference 1) to the calculation
of the stresses in reinforced monocoque structures. Procedurses were
developed for reinforced flat end curved sheets (references 2 2nd 3)
as well as for Puselage frames (references 4 snd 5). Finally, numericsl
methods were used to determine the stresses in a reinforced monocoque
cylinder having a symmetric cutout on the compression side (reference 6).
The results obtained were in sstisfactory agreement with experiments
carried out earlier, which are described in reference 7. The present
report desls with the problem of the stresa distribution in a relnforced
monocoque cylinder having & side cutouwt and subJjected to pure bending.
The results of the calculstlons are compared with the experiments
_described in referemce 8.
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In the first step of the procedure the structure is divided into
elements, and the elagtic properiies of the elements are determined.
In the present problem a sheet panel with ite bordering segments of
stringers and rings was chogen as the element of the reinforced mono—
coque cylinder. When the loads are applied to the cylinder, the corners
of the pansels umdergo, in general, dilsplacements in arbitrary directions,
For the purposes of this celculation the displacements are resolved into
axisl (in the direction of the axls of the cylinder), tangential (in the
direction of the tangent to the ring), and radiel components (in the
direction of the redius of the ring). At the same time, the corners
are, In general, rotated sbout axes of erbitrary direction, and this
rotation ls resolved into rotations sbout the axiel, tengentiel, and
radisl directions,

In the so-celled unit problem it is assumed that the four cornmers
of the panel are rigldly clemped to some imaginary rigld body to prevent
both displacement and rotatlon. Then the clemps are released at one
corner to permit displacemsnt or rotation in one direction only, and a
displacemsnt (or rotation) of wnit magnitude is wndertaken in that
particuler directlion, Next the reection forces and moments caused by
the displacemsnt (or rotation) undertaken are calculasted for all the
four corners. '

After all the wmlt problems of the structure are solved, the results
are combined in what are termed the "operations tables." These tables are
e systematic presentation of the reactions at all the corner polnts corre—
sponding to wmit displacements of the cormer points. It is then required
to £ind a combination of all the displacement (and rotation) components
corresponding to zero resultant force and moment at each corner polnt at
vhich no exbternal load is applied and to force end moment resultents
equal and opposite to the loads at the points of application of the
external loads. According to Southwell's suggestion, this combination
of displacements is found by systematic step~by—step approximations,

At the Polytechnic Institute of Brooklyn Aeronauticel ILeborastories such
golutions by step-by-gtep epproximatlions have beon estebilished Ffor
reinforced pansl problems {references 2 and 3), but when the same
epproach wes tried for the case of monocogus c¢cylinders having symmetric
cut—-outs and subJected to pure bending, the numher of steps needed
became almost prohibitive. On the other hand, the solution by matrix
methods of the systom of linear equatione represented by the operations
tables together with the applied loads was possible wlth a reasonasble
expenditure of work,

In the present report, the displacements are calculated from the
operations tables by means of a slightly modified version of Crout's
method of solving matrix equations. (See reference 9.) The number of
wnknowns is 3k, 36, and 30 in the case of the cylinders having 45°, 90°,
and 135° cutouts, respectively, The numsrical part of the work was
carried out on semimubomatic electric calculating mechines, and 10 digits
. were kept throughout the calculations. As an approximate rule, it may
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be stated that metrices of the kind encountered in this work can be
golved by an experlenced calculator at the rate of 2 hours for each
unknown gquantlity. This estimate does not allow for mistakes.

Once ths displacemsnts are lmown, the stresses can be easily calcu~
lated with the ald of the solutions of the unit problems and elemsntary
conslderations. Complete numerical calculations were carrised out for
three cylinders of the experimental series described in reference 8.
Satlsfactory agreement was found between theory and expsriment, as may
be seen from the comparison shown in the figures of the present report.

The authors acknowledge their indebtednsss to Mr. Brumo A. Boley for
his help in the theoreticsl aspects of the problem and to Mr. John G. Pulos,
who took part In the calculations. The work was carried out under the

sponsorship and with the financial assistance of the National Advisory
Cormittee for Aeronautics.

SYMBOLS

a distance between adjacent rings

A. crogss—sectional area of stringer augmented by lts
effective wldth of curved sheet

A,B,C,At Bt C? rings of cylinder or guadrants of operations table
Young's modulus

shear modulus

length of ring segment between adjJacent stringers
externally applied bending moment acting on cylinder
ring influence coefflcient

bending moment acting 1n plane of ring

nglgﬁﬂlﬁl

torque actlng on rigld end ring

radius of monocoque cylindser

ring influence coefficlents

radial shear force acting In plene of ring

thickness of sheet covering

)d-';dg)H
)}

-~ ~

t, tr, tn ring influsnce coefiiclents

I3
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T tangential force acting In plane of ring

u tangentisl displscement

v : radiel dilsplacement

W ' rotation

X force acting In axial direction

b4 vortical shear force acting on rigid ring

Qs Opy Oy coefficlents used in calculation of forces and moments
cauged by shear flow exlsting in panel

I'=Gt/2

1 vertical dowvnward trenslation of rigid ring

2] rotation of rigid ring in its own plane

4 axlal displacement

o rotation of rigid ring about its horlzontal dismeter

Q = Gta/uUL

STATEMENT OF PROBLEM AND ASSUMPTIONS

The three cylinders for which calculatlons were carried out axe
shown in figure 1. They are Cylinders 35, 39, and 40 of the present
geries and sre described in reference 8. A nunmber of structural changes
were assumed For the purpose of calculetions in order to decrease the
work required for the solution of the problem,

Flgure 2 shows the three cylinders in thelr modifiled forms, In
reallty, Cylinder 35 had 16 stringers, 7 of which were omitted in the
simplified setup., The cross—sectional areas of the stringers eliminated,
however, were distributed evenly between the adJjacent stringers that
vere left in the structure. Similarly, two rings were omitted from the
complete portions of the cylinder and the croms section of one was added
to the adjacent ring bordering the cutout and the other to the rigild
end ring of the cylinder. At the same time the length of the fleld
extending from the cutout to the end ring was assumed to be 9.6429 inches.
This field length is 1k times the actusl ring spacing end thus it is en

intermedlate value betwsen the true distance from cutout to end ring
and the actusl ring spacing. It was not considered advisable to use a
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field length of three times the ring spacing in the celculations because
long flelds are weak 1ln shear.

Cylinders 39 and %0 were bullt with only eight stringers. Conse-—
quently, changes in the structural arrangement were assumed only in connec—
tion with the rings. The changes were of the same nature as in the case of
Cylinder 35. : .

As in previous work, the bending and torsional rigldities of the
stringers were dlsregarded. The rings were considered resistant to
bending in their own plane but wesk In bending out of their plane as
well as in torsion. The extenslonsl and shesring rigldities of the rings
were congldered. The sheet panels were asswmed to resist shear only, and
the shear stresses were assumsd to be distributed unmiformly. The resigt—
ance of the sheet to extension and compression was teken approximately
Into account by adding an effective width of sheet to the stringera. In
the present calculations the total width of the sheet was considered
effectlive, since the stresses were calculated for small loads when the
sheet 1ls in a nonbuckled state. An effective wldth of sheet equal to
the width of the ring was added to the ring when its cross—sectional
propertles were calculated. Because of these sssumptlons only the three
dlaplacement components as well as the rotatlon component ebout sn axils .
parellel to the axls of the cylinder need be taken into consideration.
Rotetions gbout the tengentlial end radisl asxes ere not resisted by either
the stringer or ths ring.

The vertical plane of e transverse sectlon through the middle of
the cylinder was regardsd as a fixed reference plane relative to which
the rigld end rings are tllted — and even twisted becauwuse of the
agymmetric cutout — when the pure bending moments are applied to the
end rings. The operatlons tables were set up for only one-quarter of
the cylinder because the dlsplacements in the four quarters are relsasted

by symmetry.
SETTING UP AND SOLVING THE OPERATIONS TABLES

A schematic arrangement showing the four quadrants of the operations
tables for all three cylinders 1s given in teble 1. As a rule, each
entry in the operations tables (see, for instance, quadrant A, table 2)
represents ths magnitude and the sign of the generalized force, indicated
at the left end of the row in which 1t appears, caused by the generalized unit
displacement indicated at the top of the colum. A gensrallzed displace—
ment is a displacement of the structure at a polnt in one of the directions
of the axes, a rotatlon about one of these axes, or any combination of
displacements and rotationg of the structure at a group of polnts. A
gonsralized force corresponding to a generalized displacement 1s the
quentity — force, moment, or group of forces and moments — that gives
the work done during the generslized displacement when multiplied by the
generalized displacement. As was mentionsd wnder STATEMENT COF PROBLEM
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AND ASSUMPTIONS, the structure is considered to be rigidly clamped as
regards every other genmeralized displacement when the effect of any one
gonerallized unit displacement is sought.

The generalized forces in a reinforced monocoque cylinder caused
by generalized unit displacements can be calculated when the solution
of the so-called four—panel problem is known. The solubion was given
In reference 6. It is given in a slightly more convenient form in
figures 3 to 6 of the present paper. These figures show the forces and
momente at each of the nine cornmer points that are caused by generalized
uit dlsplacements of the middle point. The expressions are given in a
form sultable for calculatlions even when each stringer and ring segment
has a different but constant section and each panel a different but
congtant thickness. When a panel 1s in a buckled state, a reduced value
should be used for its effective shesr modulus Gopp. When a penel is

absent, 1ts shear modulus, or thickness, should be put equal to zsro,
The vealuss of the shear flow-force coefficilents Qs Cp, and o, as

well as those of the influence coefficients tt, tr, tn, ¥r, .. .,
must be obtalned from reference 5. :

Figures 7 to 10 give the solutlion of the four—panel problem for
the case in which the curvature 1s opposite to that shown in the
preceding fowr figures. The calculations with which this report deals
indicated the desirabillity of two such sets of diagrams in order to
reduce the likelihood of numericel errors and errors of sign in the
operations tables.

Because of the symmetry of both the structure and the loading with
regpect to the plane of a transverse section through the middle of the
eylinder, displacements of corresponding pointes must be the same on
rings A end A', B and B', and C and C!'. (See fig. 2.) More—
over, the loadling l1s antlsymmetric with respect to the horizontal plene
contalning the axis of the cylinder., Hence, dlsplacements of corre-—
sponding points on stringers 1 and 1!, 2 and 2', and so forth, must be
antlisymetric, Thelr absolute magnitudes are equal and their signs can
be determined from the followlng rules, which take care of the peculiari-
ties of the sign conventions adopted: axial and radisl displacements
are of opposite sign, tangentlal displacements and rotations are of the
seme sign on the upper and lower halves of the cylinder. These symmetry
considerations permit a reduction In the number of displacement quanti-—
ties to be entered in the operations tables, Of the total of
4 X 48 = 192 possible generalized basic displacements in the cese of
Cylinder 39, a total of 108 could be omitted outright; 36 more dis—
placements were consldered only indirectly, as 1s shown by means of
the following two typical exsmples.

When point BLt — the point of intersection of ring B with stringer ho—
is moved in the positive axial direction, point BL?! must be moved the
same dlstance In the negative axial direction because of the antisymmetry.
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This combination of displacements causes twlce as much shear straln in
the panel bounded by rings A and B and stringers 4 and L' as would be
caused by the displacement of point Bh alone,. Consequently, “the forces
and moments appearing because of the shear at points Al and Bl will be
doubled. .

When point Bl is moved in ths positive tangential direction, point BhL!'
also must be moved the same dlistance in the tangential direction. Conse—
quently, the shear stralin in the panel bounded by rings A and B and
stringers 4 and 4' is agaln subjected to the double amowmt of shear
strain Just as in the case discussed previously. Moreover, segment h-4!
of ring B is rotated but not shortened, whereas in the case of a tan—
gential motion of point Bl alone a shortening also would take place.
Consequently, 48 independent displacement quantities remsin to be entered
in the operations tables. This number is further reduced because of the
end conditions. In the’ experlment the end rings were heavy and were
rigidly attached to heavy end plates. For thls reason, in the theory T
the end rings were assumed perfectly rigld and points on the end rings
wore permitted to particlpate only in rigld body displacements. Thus
Ik X 4 = 16 further individual generalized displacements are eliminated;
and three rigid-body displacements are introduced — nsmely, a rotatlion o
about the horizontal dlameter, a rotation 6 sabout the axis of the cylinder,
and a vertical translation 7 of The end ring. Hence 35 unknown gquanti-—
tles remain.

When the pure bending moment 1s eppllied to the rigid end plate, the
distribution of the forces to the stringers is not known. Obviously, it
cannot be assumed according to the customary linear law because of the
cutout in the structure. For this reason a rotation o of the end ring
was specifled rather than a bending moment, and the corresponding bending
moment was celculsted only after the forces in the stringers were determined
from the operations teble. Hence, the forces and moments corresponding
in the operatlons tebles to the spscifled rigld body displacement o were
known quantities and had to be considered ag the load terms in the equa—
tions. They are given in the last column of quadrants B and D of table 2.

It will be noted that the last two rows in the opsrations tables are
denoted (1/2)Y (one—helf the verticel shear force acting upon the end ring)
and (1/2)(Q/r) (one—half the torgue acting upon the end ring divided by
the radius). This cholce of the quantities to be entered in the last

two rows results in e symmetric opsrations table.

The linsar equations represented by the operations ‘tables were then
solved by a slightly modified version of Crout's method. In other words,
the set of 34 displacement quantities causing forces and moments at all
the points equal and opposite to those given in the last colum of the
operations tebles (which ars dus to the specified rotation o) was
determinsd. These forces and moments listed in the last columm are
designated RHS to indlcate right-hand-side members. It should be noted
that two of the displacement quantities listed are the remsining two
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(unkmown) rigid body displecements 6 and n of the end ring. The
generalized force corresponding to € 1s a torque, that corresponding
to 1, a vertlcal shear force. Obviously, those two generalized
displacements must be so chosen as to yileld zero generalized forces when
the external load applled to the cylinder is a pure bending moment.

These two requirements are represented by the last two rows of the opera—
tions tables.

Similar considerstlions can be advanced in the case of the other two
oylinders. The operations table of Cylinder 40 having the 135° cutout
differs from table 2 only in quadrant D. This quadrant is glven in table 3.
In the case of Cylinder 35 all four quadrants ere different. They are
shown in table L. In quadrant A of table 4 the columms of the tangential
displacement and the rotation of point Bl correspond to two uniis each
rather than to one. The doubling of these movegments was undertalken in
order to maintain the symmetry of the operations tables in spite of the
- aggumptions regarding the similbtaneous movements of polnts on the two
gides of the horizontal plane of symmetry of the cylinder.

APPROXIMATE THEORY

Because of the great amount of work required for the solution of
stress problems by the numericel method discussed, the posslbility of
using an epproxlmate theory was investlgated. The approximation amounted
to neglecting all influences except that of the axlial displacements.
Physlcally the structure corresponding to the epproximate theory would
have rigld rings. Moreover, these rings would have to be supported in
thelr own plane to provide reections,. since the shear forces and the
torque acting upon the rings are not canceled in the approximate calcula=—
tions.

The operatione tables of the approximate theory are identical with
those portions of the operations tebles (tablea 2 to k) that involve
only axisl forces asnd displacements.

PRESENTATION AND DISCUSSION OF RESULTS

The displacements calculated for a rotation w of the end ring
emownting to 1 X 10— radlsn are presented in tables 5 to 7. The dis—
tortione of the rings corresponding to an applied bending moment
of 20,000 inch~pounds are shown in filgures 11 to 1k,

The axiel strains calculated from the displacements are plotted
in figures 15 to 20, which also contain experimental results taken
from reference 8 as well as calculated values corresponding to the
approximate theory. The agreement between theory and experiment is
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patisfactory. The approximaste.theory ls also in reasonsble agreement with
exveriment in the complete portions of the cylinders. 1In the cutout
porticns the velues calculeted by the approximate theory are even slightly
closer to the experimental points than the valuss obtained from the complete
theory. '.ghe displacements calculated by the approximste theory are listed
in table O.

Figures 21 and 22 show the shear stresses in the sheet of the complete
portions of the cylinders and the maximum bending stresses in the rings
bordering the cutout. The absolute valuss of these stresses sre very
small., Moreover, they decrease in an oscillatory mamner from the region
of the neutral axis of the cylinder on the cutout slide toward the neutral—
axis location on the opposite slde.

The bending moment requlred to causs a rotation of 1 X lO"'b' radian
of the rigid end ring with respect to the transverse plane of symmetry
is 5075.435, T845.90, and L4511.04 inch-pounds in the case of the
cylinders having 45°, 90°, end 135° cutouts, respectively. It should
be remembered that the construction of the cylinder with the 90° cutout
was different from that of the other two.

CONCLUSIONS

During the course of the calculation of the stresses in three rein—
forced monocoque cylinders with side cutout, carried out by means of
a numericel procedure developed in part IV in the present serles of
investigations, the following principal obsmervetions were made:

1. The problem cen be stated mathematically by means of a set of
simultaneous linsar equatlons represented by the operations tables and
the extermal loads. The operations tables can be set up without 4iffi-
culty if use 1s made of the solutions of the four-panel problem con—
tained in the present report, together with the coefficients presented
in the tables and graphs given in NACA TN No. .999. . '

2. The equations can be solved by Crout's method at ths.rate of
approximetely 2 hours for each umknown quentity. This estimate does
not allow for errors.

3, The calculated valuss of the normal straln in the stringers
were In satisfactory agreement with the strains measured in the
experiments of part IV of the present series of investigations.

k., The shear stress in the sheet and the bending stress in the
rings were Tound to be very small,
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5. An spproximate mothod which considers only the axlal dlsplace-
ments and thus does not satisfy all the equilibrlum conditlons gave
regults ressonably close to those obtained by the complete method.

Polytechnic Institute of Brooklyn
Brooklyn N. Y., July 3, 1946
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TABLE 1 - SCHEMATIC ARRANGEMENT SHOWING THE FOUR
QUADRANTS OF THE OPERATIONS TABLES FOR ALL
THREE CYLINDERS

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE 2- OPERATIONS TABLE FOR CYLINDER 39 WITH 45° CUTOUT. - Concluded
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TABLE 2.- OPERATIONS TABLE FOR GYLINDER 39 WITH 45° CUTOUT.
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TABLE 2- OPERATIONS TABLE FOR CYLINDER 39 WITH 45° CUTQUT. - Goncluded
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TABLE 3.- OPERATIONS TABLE FOR GCYLINDER 40 WITH 135° GUTOUT
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TABLE 4.~ OPERATIONS TABLE FOR CYLINDER 35 WITH 90° GUTOUT
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TABLE 4~ OPERATIONS TABLE FOR CYLINDER 35 WITH 90° GUTOUT - Concluded
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18 NACA TN No. 1435

TABIE 5,— DEFLECTIONS AND ROTATIONS FOR
CYLINDER WITH 45° CUTOUT
[M = 5075.45 in.<1b; n = 0.934679;

0r = -0,182954k; unit for values
is 1 X 10"3 in, or ra.dialﬂ

Ring A Ring B Ring C
Stringer 1t
3 -0.28833683 -0.211436
u 630577 .000999
v .357683 .000110 | U5° cutout
v ~.01.8295 —.013137
Stringer 1 '
3 .382683 .2111436 0.070479
u .680577 . 000999 -, 1145643
v —. 357683 -, 000110 -.050187
w -.018295 -.013137 —.012965
Stringer 2
3 .923880 k6202 .154009
u 17729 -, 08623 -.176519
v -, 863531 —,2327h4 -, 02473
w —.018295 —.0286L7 —.013301
Stringer 3
¢ .923880 Lh6187h .153958
u -, 540637 —.269938 -.1836L6
v -, 863531 -.185258 .002972
| W -, 018295 —,010802 —.016637
Stringer 4
£ .382683 .19139hk .063798
u ~1,0h6485 —. 376640 —-.179948
v -. 357683 —. 086306 .00305L
w —.018295 —. 020508 -.018817
Stringer Lt
s -, 382683 —.19139L —~.063798
u -1 ,046485 -, 376640 —,179948
v 357683 .086306 —.003054
W —.018295 ~. 020508 —-.018817

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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TABIE 6.~ DEFLECTIONS AND ROTATIONS FOR
CYLINDER WITH 90° CUTOUT
[ = 7845.90 in.-1b; 7 = 0.877023;

6r = 0.128525; wnit for values
18 1 X 103 in. or ra.d.iaﬂ

Ring A Ring B Ring C
Stringer 2%
¢ —-0.707207 —0.543778
. u . TU86Th .316729
v 620149 —.139502
w .012853 —. 081652
Stringer 1 90° cutout
1 o 0
u 1,005548 .133452
v 0 0
w .012853 .1231.08
Stringer 2
13 Rrieyalers L3778 0.147921 .
u . Th867h .316729 .396281
v —.6201k9 .139502 -, 614729
i w .012853 -, 081652 .095219
Stringer 3
3 .923880 4162609 .154210
u Jhehakr .275678 .203256
v —. 81026k —.327575 —.356365
w .012853 -, 055475 .093722
Stringer &
3 .923880 L616h5 .153875
un —.207097 .03h59h .128796
v ~, 810264 —.088412 .092635
W .012853 057352 .032331
Stringer 5
E .3682683 .191577 .063867
u ~.681739 -.003785 .189788
v -.335622 —.088206 .02Q932
W .012853 . 000093 . 006kl
Stringer 5!
£ —.382683 —.191577 —. 063867
u —-.681439 —-.003785 " .189788
v .335622 .088206 —.020932
w .012853 .000093 .006hkT

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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. TABIE 7T.— DEFLECTIONS AND ROTATIONS FOR
CYLINDER WITH 135° CUTOUY
[M = 4511.04 in.-lb; 1 = 0,780683;

6r = «0,02370; wmit for values
is 1 X 1073 in, or radiaxg

Ring A Ring B Ring C
Stringer 2°
& ~0,923880 -0,5114k01
u 275052 142873 .
v . T21257 276732
w -. 002370 -.093973
Stringer 1t
£ - 282683 - 381128
u .697557 -. 095065 o
v .298752 —. 652765 135" cutout
W -, 002370 .0ls670
Stringer 1
¢ .382683 .381188
u . 557 —.095065
v -. 208752 .652765
w -, 002370 .Ol5670
Stringer 2
& .923880 .511401 0.170466
u 275052 .142873 057603
v - T22257 -.276732 —.099144
v -,002370 -.093973 .025017
Stringer 3
£ .923880 k61519 .153841
u —. 322452 -, 075011 .0h3337
v - T21257 -. 035912 .06187h4
w -. 002370 .054762 .022328
Stringer L
£ .382683 .191637 . 063876
u - THIo5T -, 067597 .120387
v -. 298752 ~.0kgshT .088380
w -, 002370 -.015939 —., 003614
Stringer Lt
£ —.382683 -.191637 -, 063876
u ~. Thh957 - 067597 .120387
v .298752 .Ohg5h7 —.088380
W -, 002370 -,015939 —. 003614
Stringer 3%

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABIE 8,.— AXIAL DEFLECTIONS FOR APPROXIMATE SOLUTIONS

[ﬁnit for velues is 1 X 10~3 1n]

’ Average
A%ﬁ%u?cf Stringer Ring A Ring B Ring C r(noment )
in.-1b
1 0.382683 | 0.206436 | 0.07L4T9
2 .923880 432027 | .01Lh2009
I o
Z 3 .923880 431878 | 140958
4 .382683 17939k | 058798
M(in.~1b) 5392 14788 L4696 kg59
1 o] o] 0
2 R(oyalens 26278 | .1h3121
3 .923880 150609 | .149910
Q
90 n .923880 31k | 146275
5 .382683 183577 | 060567
M(in.-1b) 8155 7586 7533 7758
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Figure 3.- Effect of unit axiel displacement of F. Forces and morients acting on constraints,
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Figure 4.~ Effect of unit tangentis] displacement of F. Forces snd moments acting on constraints,
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Figure 5.- Effect of unit radial displecement of F. Forces and moments acting on constraints.
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Figure 7.- Effect of unit axiel displacement of F. Forces and moments acting on constraints.
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Figure 8.~ Effect of unit radial displacement of F. Forces and moments acting on constraints, P
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Figure 10.-. Effect of unit rotation of F. Forces and moments acting on constraints.

r= G—;, A= G——:_L. {Curvature opposite that in figs. 3 to 6.)
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Figure 11.~ Deflected shape of full rings in their own planes,
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Figure 12.~ Deflected shape of full ring lu its own plane,
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ORIGINAL SHAPE:
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Figure 13.- Deflected shepe of cut rings in their own planes,
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